Abstract-The rainfall-runoff process in a catchment is a complex and intricate event governed by large number of known and unknown physiographic factors. These factors vary both in space and time. Runoff estimation in ungauged catchment is a serious challenge for the hydrologist in developing countries where most of the watersheds are ungauged. There are various approaches available ranging from lumped to physically based distributed models for runoff estimation. This paper describes the use of RRL (Rainfall Runoff Library Australian Water Balance Method Model), to investigate its performance, efficiency and suitability in Rahatgarh sub basin situated in Bina river basin of Madhya Pradesh. The AWBM is a catchment water balance model that can relate runoff to rainfall with daily or hourly data, and calculates losses from rainfall for flood hydrograph modelling. AWBM requires evapotranspiration as an input whereas most models will take potential evapotranspiration as input. The model was developed, calibrated and validated using flow data at Rahatgarh site on Bina basin. The sub basin is located in a geographical area between 123.78°N latitudes and 78.37°E longitudes. The model was found suitable for Bina rahtagarh sub basin in simulating hydrological response of the basin to the rainfall and predicting daily runoff with high degree of accuracy. The coefficient of determinations for the model calibration and validation were 0.909 and 0.835 respectively indicating good agreement between the observed and simulated runoff in terms of timing, rate and volume and shape of hydrograph. The model was evaluated based on Nash-Sutcliffe Efficiency Index (EI). The Nash Sutcliffe efficiency obtained for calibration and validation were 0.824 and 0.618 respectively.
INTRODUCTION
Estimation of rainfall runoff is an important aspect to any hydrological structure. Estimating of runoff is required in order to determine and forecast its effects. Runoff estimation and prediction is needed in lots of water resources activities such as flood and drought management, irrigation practices, and water distribution systems, etc. Runoff is generally forecasted using rainfall-runoff models by using hydrologic data of the catchment. Computer based hydrologic models have become fashionable with practicing hydrologists and water resources engineers.
Many software tools were developed in the past which proved to be helpful for the hydrologists. The Dynamic Integration Architecture System (DIAS) (Sydelko et al., 1999) , the Interactive Component Modelling System (ICMS) (Rizzoli et al., 1998; Reed et al., 1999) , Tarsier (Watson et al., 1998) , the Spatial Modeling Environment (SME) and associated module specification formalism (Maxwell, 1999; Voinov et al., 1999) , Modular Modeling System (MMS) (Leavesley et al., 1996) In this study we have chosen the AWBM model for runoff estimation. The AWBM model uses 3 surface stores to simulate partial areas of runoff. The water balance of each surface store is calculated independently of the others. The model calculates the moisture balance of each partial area at either daily or hourly time steps. At each time step, rainfall is added to each of the 3 surface moisture stores and evapotranspiration is subtracted from each store. The water balance equation is: store n = store n + rain -evap (n = 1 to 3)
The default parameters set in AWBM model is given in table 1 below. Table 1 a. Model setup AWBM model was setup to carry out rainfall-runoff modeling in Bina river basin at Rahatgarh G/d site having catchment area 1180 km 2 . The input information of daily rainfall, observed runoff and daily evapotranspiration was collected for the period of two years from 1990 to 1991. The data was then written in ASCII text format which was used for the model development.
b. Model Calibration
Calibration is a process of standardizing predicted values, using deviations from observed values for a particular area to derive correction factors that can be applied to generate predicted values that are consistent with the observed values. Once the AWBM model was set up, model was calibrated for 1 st Jan 1990 to 31 st Dec 1990. During calibration, the default model parameters were kept same and model was run in autocalibration mode.
c. Model warm up
When rainfall runoff models start some estimate of the contents of each of the soil moisture stores needs to be made. This can be done by assessing the rainfall conditions prior to the start of the model or by selecting a warm up period such that the soil store will be at a known level. If the warm up period is wet then all of the soil stores may be full or if the warm up period is dry then the stores may be empty. The RRL provides a tool for automatically setting the model warm up period for both calibration and validation. The RRL estimates the warm up period by starting the model at different initial conditions and determining where the answers converge. If there is no convergence found a warning message is displayed and the warm up period is not set.
d. Model Validation
Model validation means judging the performance of the calibrated model over the portion of historical records which have not been used for the calibration. The AWBM model thus calibrated was then validated for the remaining period from 01 st Jan 1991 to 31 st Dec 1991. During validation the set of model parameters obtained during the calibration was used and model was run without auto-calibration mode to simulate runoff. The statistics of the simulated results were analysed and output of the model were checked to compare the simulated and observed runoff to verify the capability of calibrated model to simulate the runoff. The RRL AWBM model was found suitable for the Rahatgarh site of Bina basin. The model gave good performance in simulation of runoff. We found good Nash Sutcliffe efficiency and good correlation between observed and observed. The model was found efficient and hence it could be used for further water resources planning and management for this basin.
